The correlation between the histological features and clinical outcome remains poor in pediatric intracranial ependymomas. We performed a retrospective study of a group of 31 patients (diagnosed from 1985 to 1995) to assess prognostic implications of the current grading system, of histological and immunohistochemical features, and of ploidy status estimated by flow cytometry. Immunoexpression of a broad spectrum of antigens was evaluated, including MIB-1, topoisomerase-II␣, cyclin D1, glial and epithelial proteins (GFAP, EMA, cytokeratins), molecules involved in controlling apoptosis (bcl-2, caspase-3/CPP32), and p53 oncoprotein. Univariate and multivariate statistical analyses were performed to evaluate the influence of each variable on both the progression free survival (PFS) and the overall survival (OS) with at least 7-year follow up. Although we showed a significant correlation between histological grade and prognosis, the current grading system failed in predicting outcome in nearly one third of individual cases. Problems with interpathologist reproducibility were also demonstrated. The extent of surgical resection was the only clinical factor that was associated with survival. Both the PFS and the OS were significantly decreased for the following pathological variables: increased cellularity (>300 nuclei per HPF), mitotic activity of >7 per 10 HPF, increased MIB-1 labeling index (LI), topoisomerase-II␣ LI, S-phase fraction, and p53 and bcl-2 positivity. Increased cyclin D1 LI was demonstrated to have only a marginally significant impact on PFS. A flow chart modeling was further performed to formulate a scheme for discriminating of prognostic subgroups. Based on that, p53 immunopositivity and/or MIB-1 LI of >5% (after subtotal resection) or MIB-1 LI of >15% (after complete resection) were the strongest indicators of the tumor's aggressive behavior and of a poor prognosis of the disease. Foci of hypercellularity should be specifically looked for in ependymomas for assessing the immunohistochemical studies.
Ependymomas constitute 6 -12% of all pediatric intracranial malignancies (1) . However, the correlation between the histopathologic diagnosis and clinical outcome remains poor (2) (3) (4) (5) (6) , and the management of patients with ependymomas represents one of the most controversial issues in pediatric oncology.
The recent World Health Organization (WHO) grading system (1) recognizes four ependymal tumor types: subependymoma and myxopapillary ependymoma (Grade I tumors), low-grade ependymoma (Grade II), and anaplastic ependymoma (Grade III). Grade I tumors are clinically and pathologically well-recognized entities with a favorable outcome in most of the patients (1, 7) . On the other hand, it is difficult to achieve a consensus in discriminating between Grade II and III ependymomas (6) . The criteria for distinguishing anaplastic ependymomas defined by WHO grading system (1) remains elusive: ependymal tumors showing increased cellularity and brisk mitotic activity, often accompanied by microvascular proliferation and necrosis and often appearing poorly differentiated.
The value of individual characteristics as well as their combination necessary to establish the diagnosis has not been settled, which makes the recognition of the anaplastic variant neither easy nor reproducible. Thus, the biologic behavior of ependymomas seems to be difficult to predict on the basis of microscopic appearance alone. Further understanding of molecular invents involved in controlling the tumor growth and their diagnostic detection could lead to establishment of more specific prognostic factors. Antibodies suitable for application on paraffin-embedded archival material have recently allowed this issue to be addressed.
We performed a retrospective study of a group of 31 patients with a follow-up period that was adequate to a slow growth and relatively late recurrence of these tumors. We restricted the study to ependymomas with intracranial location and of the cellular subtype in a cohort of patients who were aged Ͻ18 years. Both univariate and multivariate statistical analyses were performed to assess prognostic implications of WHO grade, histopathological and immunohistochemical features, and ploidy status. Immunoexpression of a broad spectrum of tumor-associated antigens was evaluated, including molecules involved in cell progression through the cell cycle (MIB-1, topoisomerase-II␣, cyclin D1), structural glial and epithelial proteins (glial fibrillary acidic protein, epithelial membrane antigen, cytokeratins), molecules involved in controlling apoptosis (bcl-2, caspase-3/CPP32), and p53 oncoprotein. All the data that were obtained in the present series were compared with those investigating similar subjects to make an attempt to design a useful diagnostic and prognostic scheme for childhood ependymomas.
MATERIALS AND METHODS
Cases included in the study were retrieved from the Pediatric Tumor Registry of the Department of Pathology and Molecular Medicine, Charles University, 2nd Medical School, Prague, Czech Republic. Specimens were obtained from all children (aged Ͻ18 years) who underwent surgery for newly diagnosed intracranial ependymomas over a 10-year period extending from 1985 to 1995. Children with subependymomas, myxopapillary ependymomas, ependymomas of rare histological subtypes (papillary and clear cell ependymomas), and ependymomas of the spinal cord were excluded because they seem to have a significantly different clinical outcome (1, 8, 9) . The final number of patients enrolled on the study was 31. The specific histological grade reported at the time of diagnosis was not taken into account. Only the original biopsy specimens with an adequate sampling were used in the study.
Patient Characteristics
The medical records of each patient were reviewed in detail. The following features were recorded: date of birth, gender, age at the time of surgery, intracranial tumor site, date of surgery for the primary tumor resection, the extent of the resection, the use of adjuvant therapy, and the date of clinically manifested tumor recurrence. Mean age of the patients at the time of diagnosis was 5.8 years, ranging from 11 months to 14 years. There were 19 boys and 12 girls. The tumor location was supratentorial in 16 patients and was infratentorial in 15 patients. The extent of resection was assessed based on both the operative notes and the early postoperative imaging. Anything less than a gross total resection was considered a subtotal resection. None of the patients died from surgical complications or in the early postoperative period. The tumor removal was complete in nine patients. Twenty-five patients underwent radiotherapy, and 23 patients received chemotherapy; 22 of them received both the chemotherapy and radiotherapy. Doses of local postoperative irradiation varied from 30 to 52 Gy according to the patients' age. Progression-free survival (PFS) was defined as the time from the initial surgery to the date of evidence of the tumor progression confirmed radiologically. Overall survival (OS) was calculated as the time from surgery to death, or as the time to the last follow-up appointment of the surviving patients.
Pathological Analysis
All specimens were fixed in 10% neutral buffered formalin and paraffin embedded. Fourmicrometer-thick tissue sections were recut from paraffin blocks for routine hematoxylin and eosin staining. Before evaluating clinical data that were obtained from the study and exact quantification of appropriate variables, the histological grade according to the WHO classification criteria (1) was evaluated independently by three observers (JZ, RK, MS) to simulate the routine diagnostic process. Presence of increased cellularity, vascular proliferation, nuclear polymorphism, necrosis, and count of mitotic figures were taken into consideration. Because the presence of necrosis in ependymal tumors was repeatedly shown to have only a minor, if any, impact in assessing their biological behavior (10, 11) , the presence of necrosis alone did not allow the diagnosis of anaplastic ependymoma in the present study. We graded each sample as an anaplastic (Grade III) or as a low-grade (Grade II) ependymoma when consensus between at least two of the observers was achieved.
A further seven histological parameters (the presence of hypercellular nodules, collagen production, bone and cartilage, calcification, psammoma bod-ies, thrombi) were judged as present or absent in each case independently. The presence of perivascular pseudorosettes and true ependymal rosettes was also noted. Necrosis (with or without pseudopalisading) was considered to be present when small or large areas of coagulation-type necrosis were seen. Isolated necrotic cells were not considered significant. Vascular proliferation was defined as hyperplasia of endothelial cells forming multilayered small vessels.
Immunohistochemistry
We selected a representative paraffin block from each case, and the block was recut for immunohistochemical staining purposes. Four-micrometerthick tissue sections were deparaffinized in xylene and rehydrated through decreasing concentrations of ethanol to water. We used the following monoclonal antibodies:
1. Ki-67 (clone MIB-1, 1:100, microwave pretreatment; DAKO Co.).
2. Phospho-topoisomerase II-alpha (topo-II␣, clone PT/3D4, 1:100; Immunotech Co.).
3. Cyclin D1 (clone DCS-6, 1:1600, enzyme predigestion and microwave pretreatment; DAKO Co.).
4. p53 (clone DO-7, 1:100, microwave pretreatment; DAKO Co.).
5. Bcl-2 (clone 124, 1:40; DAKO Co.). 6. Caspase-3/CPP32 (clone 19, prediluted, microwave pretreatment; Immunotech Co.).
7. Glial fibrillary acidic protein (GFAP; clone 6F2, 1:1000, microwave pretreatment; DAKO Co.).
8. Epithelial membrane antigen (EMA; clone E29, 1:100, microwave pretreatment; DAKO Co.).
9. Cytokeratin (CK; clone AE1/AE3, 1:200, enzyme predigestion; DAKO Co.).
The sections were incubated overnight at 4°C with appropriate primary antibodies. Except for anti-cyclin D1 assay, the antigen-antibody complexes were visualized by biotin-streptavidin detection system (DAKO ChemMate Detection kit) with 3,3'-diaminobenzidine (DAB Fluka Chemie GmbH.) as chromogen. Supersensitive detection system (Biogenex; cat. no. ZA000-UM) with alkaline phosphatase-conjugated streptavidin with fast red (Biogenex; cat. no. HK 182-5K) was used for immunolocalization of cyclin D1 epitope. Positive and negative controls were provided with each assay.
Each slide was studied under high-power magnification (high-power field, HPF; 400ϫ, area comprising 0.017 mm 2 ). The images were computerized and manually counted. For each evaluated variable, Ն1000 cells in at least five HPFs were counted. Blood-derived cells and vascular components were excluded from the analysis, and the counting procedure was performed in viable regions of the tumors only. The regions having the greatest number of immunoreactive cells were chosen for counting the immunohistochemical variables.
Mitotic activity was obtained as the single highest mitotic count of Ͼ20 consecutive HPFs and was expressed as a mean value for 10 HPFs. After subjective evaluating of increased cellularity (present or absent) by all observers, the cell density was exactly counted in 20 consecutive HPFs and expressed as the mean value for one HPF.
Anti-GFAP stained the cell processes of perivascular pseudorosettes. Granular immunoreactive product with anti-EMA was present in the peripheral aspects of the tumor cells. Intracytoplasmic reaction products in the tumor cells were judged as positive in reaction with anti-CK, anti-bcl-2, and anti-CPP32. Staining for p53 was considered positive if distinct nuclear staining (regardless the intensity) was present. After counting, the results of p53, bcl-2, GFAP, CK, and EMA immunoreactions were expressed semiquantitatively (absent or present). To exclude evaluation of equivocal reactions the staining was considered positive if Ͼ1% of the neoplastic cells were stained.
Results of immunoreactions with antibodies directed against MIB-1, topo-II␣, and cyclin D1 antigens were expressed by their labeling indices (LIs), defined as the percentage of immunoreactive nuclei divided by the total number of the tumor cells in the evaluated areas.
DNA Flow Cytometry
For DNA flow cytometric analysis, paraffinembedded tissue blocks were processed by the modified Hedley's method (12) . Fifty-micrometerthick tissue sections, which were prepared from nonnecrotic parts of the tumors, were deparaffinized in xylene and rehydrated by decreasing concentration of ethanol to water. Nuclear suspensions were prepared by incubation in 0.25% pepsin solution in diluted HCl. Nuclei were stained by propidium iodide using the DNA Prep Reagent kit (Coulter Immunology, Hialeah, FL) according to the manufacturer's protocol. The kit contains permeabilization solution and staining solution: propidium iodide with RNase. After the staining procedure, the samples were measured with FACSCalibur cytometer (Beckton Dickinson, San Jose, CA), and the data were analyzed by software ModFit LT (Verity Software House, Inc., Topsham, ME). The DNA content of the aneuploid tumor cells is expressed as the DNA index (DI) ratio of the modal G0/G1 peak of the aneuploid cells to the modal G0/G1 peak of the diploid cells in a sample. Percentages (fractions) of cells in G0/G1, S, and G2/M phases of the cell cycle were also evaluated.
Statistical Methods
Five-year OS and PFS were the primary endpoints of this analysis. The PFS and OS curves were plotted using the Kaplan-Meier method. Univariate analysis was performed using a log-rank test to assess the strength of association between all subgroups of patients and the outcome. Relative risks (hazard ratios) were computed using univariate and multivariate Cox proportional hazards regression analysis. In the multivariate model, the variables were statistically selected by forward stepwise inclusion. Classification and regression tree (CART) analysis was performed to identify cutpoints and prognostic subgroups with most significant difference in the clinical outcome. Associations between categorical variables were assessed via the Pearson's 2 test, associations between numeric variables were assessed via Spearman's rank correlation analysis (with correlation coefficient estimate, r), and associations between categorical and numeric variables were assessed via the Mann-Whitney test. The analytical work was performed using SPSS (Version 10, SPSS Inc.) software. Probability (P) values of Ͻ.05 were considered significant or highly significant when P Ͻ .01. A 95% confidence interval was used.
RESULTS
Based on histopathological findings from a total of 31 cases, 11 were evaluated as low grade (Grade II), and 20 as anaplastic (Grade III) ependymomas. In 21 cases (67.7%), consensus concerning the grade was reached by all three observers; in the remaining 10 cases (32.3%), two observers only were in agreement.
The median PFS for the entire cohort of patients was 29 months, and the 5-year OS rate was 45.2%. The follow-up revealed that 14 (45.2%) were alive with no evidence of the disease within the period ranging from 73 to 176 months after the operation (mean, 135 mo; median, 156 mo). Local tumor recurrence developed in 17 (54.8%) cases with PFS times varying from 2 to 58 months (mean, 17.2 mo; median, 13 mo). All of these patients died of tumor with the interval between the surgery and death ranging from 2 to 61 months (mean, 21.8 mo; median, 17 mo). Death occurred within an interval of 1 to 22 months (mean, 4.7 mo; median, 3 mo) after the tumor recurrence. The 5-year OS of patients with recurrent tumors was only 6%. Recurrences were encountered in 27.3% and 70% of low-grade and anaplastic ependymomas, respectively. Both the median PFS and the 5-year OS were significantly reduced for anaplastic tumors (log-rank test, P ϭ .02 and .03, respectively).
Clinical variables and their distribution between low-grade and anaplastic ependymomas are summarized in Table 1A . Tumor site, age, or gender of the patients did not reveal a significant prevalence in the studied subgroups of patients.
Histopathology
By light microscopy, all examined tumors were characterized by perivascular pseudorosettes and presented histopathological features typical of "classic" cellular ependymoma. Histological findings are summarized in Table 1B .
Increased mitotic activity, increased number of nuclei per HPF, and vascular proliferations were significantly prevalent in the group of anaplastic ependymomas. Subjective evaluation of increased cellularity corresponded in all observers with exact counted values of cell density in 23 cases (74.2%) in categories Ͻ250 (designed as absent hypercellularity) and Ͼ370 (designed as present hypercellularity) cells per HPF. In eight cases (25.8%) of intermediate cellularity (250 -370 cells per HPF), the consensus was not reached. In two low-grade tumors (18.2%) and in nine anaplastic tumors (45%), the focal presence of hypercellular nodules was observed. All tumors with such foci recurred within 7 to 34 months (mean, 17.1 mo; median, 18 mo), and the patients died of the tumor. Lymphocytes, thrombi, collagen production, calcification, bone and cartilage, or psammoma bodies were noted only sporadically in both subgroups of tumors without an evident link to the anaplastic features, histopathological grade, or clinical outcome (data not shown).
Immunohistochemistry
Results of immunohistochemical studies are summarized in Table 1C .
All ependymomas exhibited nuclear Ki-67 and topo-II␣ accumulation. Anaplastic tumors revealed more prominent labeling indices of MIB-1 (medians, 12.2% versus 1.2%, P Ͻ .0005). Two patterns of topo-II␣ nuclear positivity were observed, the weak and the strong one. Topo-II␣ LI based on counting of all positive cells varied from 1.7 to 98.4% (median, 37.1%). Such topo-II␣ LI correlated not with mitotic activity, MIB-1 LI, histopathological grade, nor with proliferative fractions evaluated by flow cytometric study. Topo-II␣ LI based on counting of strongly positive nuclei only correlated significantly with all above-mentioned criteria (P Ͻ .0005), ranging from 0.7 to 12.7% in low-grade tumors (median, 2.6%) and from 3.5 to 38.6% for anaplastic tumors (median, 16.7%). Of 31 cases, 20 showed nuclear positivity with anti-cyclin D1 antibody, with the percentage of positive cells ranging from 0.2 to 97.2%. The increased cyclin D1 LI was not significantly prominent in anaplastic tumors.
The nuclear positivity of p53 protein was observed in 11 (35.5%) cases and was marginally significantly prevalent in anaplastic tumors (P ϭ .047; Fig. 1 ). All except one tumor overexpressing p53 protein were characterized by recurrences within 2 to 34 months (mean, 16.1 mo; median, 14 mo). The patient without recurrence of p53-positive ependymoma had a complete surgical resection. Bcl-2 protein-positive tumors did not reach a significant prevalence in anaplastic ependymomas (Fig. 2) . From 14 bcl-2-positive tumors, 11 (78.6%) had a recurrence within the period of 2 to 34 months (mean, 14.6 mo; median, 13 mo), and these patients died of the tumor. Eight of 14 bcl-2-positive cases overexpressed simultaneously p53 protein; in 5 of these cases, we found hypercellular nodules, in which both the p53, MIB-1, and bcl-2 immunoreactions were strongly expressed (Fig. 3) . Weak focal immunoexpression of caspase-3/CPP32 was observed in four tumors (12.9%), two cases from both the low-grade and anaplastic group. Immunoprecipitate was localized not only in the cytoplasm of the tumor cells, but also in the cytoplasm of endothelial cells lining proliferating vessels. Except for one case, the tumors were simultaneously caspase-3/CPP32 positive and bcl-2 negative. None of the tumors reacted with anti-cytokeratin antibodies. Immunoexpression of GFAP and EMA were not significantly associated with either grade of ependymomas.
DNA Flow Cytometry
The results of the flow cytometric studies are summarized in Table 1D .
The DNA analysis exhibited 16 diploid tumors; 14 cases were aneuploid with DNA indices ranging from 1.17 to 2.47. In 10 of 16 aneuploid tumors (62.5%), a marked nuclear pleomorphism was observed also morphologically. Both the S-phase and SϩG2/M-phase fraction prevailed in anaplastic ependymomas (P ϭ .007 and .017, respectively). In one case with hypercellular nodules, two obvious G0/G1 peaks (1.3 and 1.5) and two proliferation fractions (3.7 and 3.9 for S phase, 1.7 and 8.2 for SϩG2/M phase) were observed (Fig. 4) . One case was eliminated from DNA flow cytometric studies because of poor-quality histograms.
Correlation Analyses
Relationships among all combinations of pairs of clinical, pathological, immunohistochemical, and flow cytometric variables were examined. Statistical analysis of correlations of six variables involving tumor cell proliferation kinetics (mitotic activity, MIB-1 LI, topo-II␣ LI, cyclin D1-LI, S-phase, and SϩG2/M-phase fractions) and cell density is outlined in Table 2 . Only cyclin D1-LI did not reveal a significant correlation with any of the variables. Beside that, expression of both p53 and bcl-2 was significantly associated with an increased proliferative activity of the tumor cells (Mann-Whitney tests; in each pair, P Ͻ .01). Presence of necrosis was associated with vascular proliferation and pleomorphism ( 2 ; P values .003 and .0005, respectively). Pleomorphism was strongly related to aneuploid status of the tumor ( 
Survival and CART Analyses
Using CART analysis, age of Ͻ4 years, cell density of Ͼ300 cells per HPF, mitotic activity of more than seven mitoses per 10 HPFs, MIB-1 LI of Ͼ7%, topo-II␣ LI of Ͼ12%, cyclin D1 LI of Ͼ5%, S-phase fraction of Ͼ3%, and SϩG2/M-phase fraction of Ͼ5% were most significant for a decrease in survival, and the corresponding values were designed as cut-off points. Values for p53, bcl-2, caspase-3/CPP32, EMA, GFAP, and the remaining histological factors were grouped as negative versus positive.
The results of univariate survival analysis (log rank testing and Cox proportional hazards regression analysis) are shown in Table 3 and Figure 5 . The histological grade was shown to correlate significantly with clinical outcome. The extent of surgical resection was the only clinical factor that was strongly associated with survival. For the whole cohort of patients, both the PFS and the OS were further significantly decreased for subgroups of increased cellularity, presence of hypercellular nod- ules, increased mitotic activity, MIB-1 LI, topo-II␣ LI and S-phase fraction, and with p53 and bcl-2 positivity. Increased cyclin D1 LI was demonstrated to have only a marginally significant impact on PFS (P ϭ .049); its association with OS was not significant.
The multivariate analysis of the entire cohort revealed that decrease of both PFS and OS was significantly associated with a subtotal surgical resection and with MIB-1 LI of Ͼ7%, as indicated in Table 4 .
We built a flow chart of prognostic criteria discriminating between patients with favorable and unfavorable prognosis. Models composed of all possible combinations of the significant parameters in univariate analyses were tried. Cut-off values for continuous variables were re-estimated for each subgroup depending on the extent of tumor removal. The number of parameters in the model was increased step by step until the significance of the log-rank statistic was not further increased. The model having the most significant log-rank statistic was regarded as the final model. The most different survival curves examined by log-rank testing were exhibited by evaluating the extent of resection, together with p53 positivity and MIB-1 LI, with cut-off values of 5% for subtotal resection and of 15% for a complete resection, as shown in Table 5 and Figure  6 . Risk ratios (CI) of the scheme reached 39.2 (4.9 -315.0) for a decrease of PFS (P Ͻ .0005) and reached 38.8 (4.8 -311.8) for a decrease of OS (P Ͻ .0005). PFS: progression-free survival; OS: overall survival; CI: confidence interval; LI: labeling index; HPF: high power field; topo-II␣: phospho-topoisomerase-II␣; NS: not significant; * significant; ** highly significant.
DISCUSSION
The prognosis of patients with ependymomas remains poor. The recurrence rate of 54.8% in the present study within the period of follow-up from 73 to 176 months and the 5-year survival of 45.2% are in concordance with data obtained in reported studies of pediatric intracranial ependymomas (6, 7, 13, 14) .
None of the clinical factors, such as the primary site of the tumor in the brain or gender of the patient, achieved significance in predicting the clinical outcome in previously published series (3, 5, 10, 13, 15) , as is the case with our study. Although a reduced PFS or OS in children in lower age categories was observed by some investigators (5, 14, 16, 17) , it was not significant in our series. In our statistical analyses, the extent of the tumor resection was the only clinical variable that was strongly linked with both the reduced PFS and 5-year OS. A significant decrease of the recurrence rate was also observed after a complete removal of the primary tumor by other observers (3, 5, 10, 15, 16, 18) . There remain many unanswered aspects concerning the effectiveness of both chemotherapy and radiotherapy (reviewed by Bouffet et al. (6) ), and no beneficial effect of adjuvant therapies was evident in our series.
In contrast to astrocytic neoplasms, in which traditional histological markers of aggressiveness allow consistent prognostic assessment, correlation of histopathology with the outcome in ependymomas has been notoriously questionable (6) . Some investigators found a statistically significant relevance of histopathological grade for a long-term prognosis (13, 14, 16, 19) , whereas others did not (2, 3, 5, 18, 20) . Our study demonstrated a statistical significance of correlation between histological grade and prognosis. However, 27.3% of patients with histologically determined low-grade lesions died of tumor, in contrast to 30.0% of patients with anaplastic lesions who were alive and without evidence of the tumor Ն7 years after the surgery. Thus the histological grading failed in predicting outcome in nearly one third of individual cases. The problematic reproducibility of the current grading scheme was illustrated by the lack of interpersonal agreement in almost one third of our cases. The disagreement concerning histological diagnostic criteria of anaplastic ependymomas has been further pointed out in an extensive review of Ͼ1400 children with intracranial ependymomas. The incidence of anaplastic ependymomas was shown to range from 7% to 89% in 45 series summarized by the study (6) .
Targeting a prognostic value of single histological criteria, the criteria of cell density of Ͼ300 nuclei per HPF and mitotic activity of more than seven per 10 HPF were found to confer a worse prognosis in univariate analysis in the present study. This is also supported by other investigators (2, 6, 16, 21) . On the other side, we have experienced difficulty and interpersonal disagreement by a subjective assessment of hypercellularity in tumors of so-called intermediate cellularity (250 -370 cells/HPF). Thus, without exact counting of the density of tumor cells, which is not optimal from the practical point of view, the evaluation of cellularity would have only a low reliability. The presence of hypercellular nodules and its close relation to a worse biological behavior demonstrated by our data has been also considered by Prayson (22) . We have shown an increased proliferative activity and p53 or bcl-2 protein positivity of cells in most of the nodules. This may indicate that such foci represent transformed subclones in the tumor with a malignant potential, and such cells may form the base for aggressive behavior. In our opinion, foci of hypercellularity should be specifically looked for in ependymomas for assessing the mitotic activity or for performing and evaluating of immunohistochemical studies.
Three immunohistochemical markers of cell proliferation (MIB-1, topo-II␣, and cyclin D1) and proliferation fractions evaluated by flow cytometry were examined in the present study. Many reports linked immunolabeling of Ki-67 antigen, which is present in all phases of the cell cycle except for G0 (23) , with tumor proliferation and clinical outcome in a wide variety of malignancies, including those of FIGURE 6. Kaplan-Meier survival curves of the ependymoma patients grouped according to the proposed prognostic scheme, see Table 5 . P values of log-rank testing. 
LI: labeling index.
the CNS (24) . Relatively few studies have been focused on investigation of MIB-1 LI in ependymomas (8, 10, 16, 19, 22, (25) (26) (27) (28) . Except for two of them (22, 27) , a significant association between Ki-67/ MIB-1 LI and a high tumor grade was reported. In four of the studies (16, 19, 22, 26) , subgroups with most significant differences in PFS were separated by cut-off points. In the present study, the cutoff point was 7% for the entire group of patients. The variation of cut-off points in the reports (1, 9, 4, and 20%, respectively) might be influenced by a small number of examined tumors, heterogeneity of studied cohorts, sampling errors, and technical details, for instance, fixation in Bouin's fixative (16) . The other possible explanation is the varying proportion of patients who underwent a total surgical removal of the tumor. Our data demonstrated significantly different cut-off values of variables describing proliferative activity in these subgroups. Topoisomerase-II␣ (topo-II␣) is an enzyme playing a role in the chromosome segregation and condensation, and it is expressed in cells in the S, G2 and M phases of the cell cycle (29) . Some investigators studied immunoexpression of topoisomerase-II␣ in astrocytomas (30, 31) and showed a close correlation of topo-II␣ LI to MIB-1 LI. We demonstrated a similar finding in ependymomas. Korshunov et al. (32) suggested using antibody against topo-II␣ instead of MIB-1 to avoid the problem of varying cut-off values of MIB-1 LI and demonstrated a significant correlation between topo-II␣ LI and poor prognosis with a cutoff point of 5%. This is in keeping with our findings, although we identified a cutoff value of 12%. In comparison with MIB-1 LI, topo-II␣ LI was demonstrated to have decreased predictive value in our series. Along with the finding of a dual pattern of topo-II␣ immunostaining intensity, we would not prefer using this antibody to anti-MIB-1.
The immunoexpression of cyclin D1, which facilitates cell cycle progression through the G1 phase into the S phase of the cycle (33), has been demonstrated in various tumors. In ependymal tumors, it was only Prayson (27) who studied the potential role of cyclin D1. His finding that cyclin D1 LI did not correlate with a clinical outcome reliably is supported by our data.
Although abnormalities of the p53 gene are found in many astrocytic gliomas (34) , there are only limited series investigating the immunoexpression of p53 in ependymomas (8, 28, 32) . Their common finding of a strong association with both the MIB-1 LI and the poor outcome has been reaffirmed also by or data. The overall incidence of p53 positivity in the present series was 35.5%, which, together with the rate of 27% of 88 examined cases (32) , contradicts the previous suggestions, that the p53 gene mutations are only rarely associated with ependymomas (35, 36) . In the contrary, the data concerning immunoexpression of the p53 protein indicate its usefulness in identification of more aggressive clones in ependymomas and its superior predictive value.
Despite the fact that there is little known about mechanisms involved, expression of bcl-2 protein has been reported identified in several brain tumors (37) . There has been only a single report (28) concerning the bcl-2 positivity in a limited number of ependymomas (none of 17 low-grade and 1 of 4 anaplastic were positive). Our results suggest that evaluation of bcl-2 immunoexpression is useful in identifying aggressive ependymomas. The role of caspase-3/CPP32 has been also considered in some human neoplasms (38, 39) . To our knowledge, the present study is the first one that has specifically looked at the presence of caspase-3 in ependymal lesions. However, our investigation showed only a low rate of caspase-3 immunoexpression (13%) in ependymomas, without an evident association with their biological behavior or prognosis.
Some studies evaluating immunoreactivity for glial and epithelial markers (GFAP, EMA, CK) in ependymomas (40 -43) suggested a link to the biological behavior. Our results indicate that evaluation of a glial or epithelial immunophenotype is of a limited use for predicting the biological behavior of these tumors.
Association of cellular DNA content and biologic behavior of pediatric ependymomas has been considered in three reports with a total of 49 cases investigated. The results were controversial. Kotylo et al. (44) observed an association of diploid DNA stemline with shortened survival in a group of 17 pediatric patients. Spaar et al. (45) found aneuploid or polyploid histograms in four anaplastic ependymomas, whereas no association between the ploidy status and the outcome of 22 patients was observed by Reyes-Mugica et al. (46) . The lack of association of the ploidy and the outcome of the disease was also demonstrated in our series.
In conclusion, our analysis of prognostic factors in children with intracranial ependymomas and the review of the literature demonstrated that the conventional histological evaluation alone has a poor predictive capacity regarding the biological behavior in individual cases. Our findings suggest that the crucial point in the clinical course and outcome of children with intracranial ependymomas is the extent of the surgical resection. Thereafter the clinical outcome is critically influenced by the biological properties of the tumor determining cellular proliferation. Their estimation should lead to identification of prognostic subgroups of patients who are at risk for developing recurrent tumor or of those who might benefit from a less aggressive adjuvant therapy. From a wide spectrum of histological, immunohistochemical, and flow cytometric factors, the evaluation of proliferation kinetics (at best mirrored by MIB-1 LI) and p53 or bcl-2 immunoexpression was shown to have the greatest impact. Although a proposed guideline evaluating the extent of surgery, MIB-1 LI, and p53 seems to be promising, it was tested on a limited number of cases and the concept needs to be reevaluated in a larger cohort of patients, probably in a multi-institutional or international study.
